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@ Catheter type sensor. 

<g) A catheter type sensor, which, in use is inserted into a 
living body directly to measure biological data such as blood 
pressure, has a base (23) in its distaJ end, one sensor element 
(21) supported on the base (23) and lead wires (33) for 
electrically connecting together the sensor element (21) and an 
external measuring device. The base (23), the sensor element 
(21) and the lead wires (33) are buried in a resin material (39) 
which is compatible with living tissue and which is formed into 
the shape of a catheter. Accordingly, the whole of the 
cross-sectional area of the catheter can be used as a space for 
mounting the sensor assembly constituted by the base (23), the 
sensor element (21) and the lead wires (33). 



(c ) 
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CATHETER TYPE SENSOR 



The present invention relates to a catheter type 
sensor which is inserted into a living body through, 
for example, a blood vessel, to measure directly 5 
within the living body biological data such as blood 
presure, the pH of the blood and the degree of 
saturation of oxygen in the blood. 

Conventionally such a sensor has a base in its 
distal end, a sensor element supported on the base 10 
and lead wires for electrically connecting together, in 
use, the sensor element and an external measuring 
device. In such a conventional sensor the sensing 
assembly consisting of the base, the sensor element 
and the lead wires is mounted inside the bore of a 15 
thick-walled armoring tube forming the catheter. 
Since this tube provides the chief structural compo- 
nent of the sensor its wall thickness must be 
substantial and this, surrounding the outside of the 
sensor assembly means that the catheter has a 20 
substantial diameter. Desirably the diameter of the 
catheter is made as small as possible to enable it to 
be located in small diameter blood vessels and to 
reduce its effect on them. 

According to this invention such a sensor has the 25 
base (23), the sensor element (21) and the lead 
wires (33) are embedded in a synthetic resin material 
which is compatible with living tissue and which is 
formed as a catheter. 

With a sensor in accordance with this invention, 30 
since the sensor assembly is rigidly buried in a resin 
material shaped in the form of a catheter, the resin 
material has no bore such as that of the conventional 
armoring tube and the whole cross-sectional area of 
this resin material and hence of the catheter can be 35 
used as a space available for mounting the sensor 
assembly. It is therefore possible for the catheter 
type sensor according to the present invention to 
provide a larger mounting space than that of the 
conventional catheter type sensor, with the same 40 
outer diameter. Accordingly, it is possible readily to 
cope with the need to provide a catheter type sensor 
having a composite sensor means or a multiplicity of 
functions and also possible to reduce the outer 
diameter of the sensor as compared with the 45 
conventional catheter type sensor having a sensor 
element of the same size. 

Particular examples of catheter type sensors in 
accordance with this invention will now be described 
and contrasted with the prior art with reference to 50 
the accompanying drawings; in which :- 

Figures 1 (a) and 1 (b) are longitudinal vertical 
and horizontal sections, respectively, of one 
example of the catheter type sensor according 
to the present invention ; 55 

Figure 1(c) is a cross-section taken substan- 
tially along the line C - C shown in Figure 1 (a) ; 

Figures 2(a), 2(b) and 2(c) show in combina- 
tion a second example of the catheter tube 
sensor according to the present invention, 60 
which are similar to figure 1(a), 1(b) and 1(c), 
respectively; 

Figure 3(a) is a longitudinal vertical section of 



one example of conventional catheter type 
sensor; and, 

Figure 3(b) is a cross-section view taken 
substantially along the line B - B shown in figure 
3(a). 

A typical conventional catheter type sensor which 
is inserted into, for example, a blood vessel to 
measure biological data such as blood pressure, the 
pH of the blood and the saturation degree of oxygen 
in the blood has an arrangement such as shown in 
figures 3(a) and 3(b). More specifically, a sensor 
element 1 for detecting biological data such as blood 
pressure, a base 3 for supporting the sensor 
element 1 and lead wires 5 for electrically connecting 
the sensor element 1 to an external measuring 
device (not shown) are assembled together in 
advance, inserted into the bore in a sheathing tube 7 
which is fabricated in advance, and positioned in 
such a manner that the sensitive surface of the 
sensor element 1 faces a measuring window 9 
provided in the tube 7. In this state, the gap between 
the tube 7 and the assembly constituted by the 
sensor element 1, the base 3 and the lead wires 5 is 
filled with a sealing resin 1 1 , as also is the distal end 
portion of the tube 7, the assembly thereby being 
secured in position within the tube 7 and a catheter 
type sensor thus being completed. In some cases, a 
sensor protecting film 13 is provided over the 
measuring window 9 so as to protect the sensitive 
surface of the sensor element 1. 

The conventional catheter type sensor suffers, 
however, from the following problems. Namely, since 
the assembly which is constituted by the sensor 
element 1 , the base 3 and the lead wires 5 is inserted 
into the bore in the sheathing tube 7, the space 
which could be effectively utilized for mounting the 
assembly is narrowed by the wall thickness of the 
tube 7. More specifically, the effective cross-sec- 
tional area which can be used to mount the assembly 
is what remains after subtraction of the wall 
thickness of the tube 7 from the total cross-sectional 
area determined by the outermost diameter of the 
sensor, i.e. the tube, which means that the cross- 
sectional area of the tube 7 cannot be utilized 
effectively, in the above-described structure of the 
conventional catheter type sensor, the wall thick- 
ness of the tube 7 cannot be reduced to any great 
extent since the greater part of the structural 
strength required of a catheter type sensor depends 
on the strength of the tube 7, and it is therefore 
impossible to utilize the relatively thick wall portion 
of the tube 7 for mounting the assembly. Accord- 
ingly, it has been difficult to cope with the need to 
reduce the diameter of the sensor, to assemble 
together a plurality of kinds of sensor elements in 
order to form a composite sensor means without 
substantially increasing the outer diameter of the 
sensor, or to incorporate a tube for injection of a 
medical fluid or for collection of blood in the 
above-described arrangement so as to provide a 
multi-functional catheter type sensor without sub- 
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stantially increasing the outer diameter of the 
sensor. 

Preferred embodiments of the present invention 
will be described hereinunder the detail;: 

Figures 1(a), 1(b) and 1(c) show in combination 5 
one embodiment of the present invention which is 
formed as a catheter type sensor adapted to be 
inserted into a blood vessel for direct measurement 
pf blood pressure. 

Referring to Fig. 1, a semiconductor diaphragm 10 
type pressure sensor element 21 is rigidly welded to 
the surface of a long plate-shaped base 23 using a 
•gold-silicon alloy, the base 23 being made from a 
sintered material containing aluminum oxide as its 
principal component. The reason why such a 15 
^sintered material is employed to form the base 23 is 
that this kind of sintered material has heretofore 
been used to form packages' for semiconductor IC's 
and it is therefore possible to use existing IC 
packaging techniques to package the sensor ele- 20 
ment 21 , and also that said sintered material is stable 
in vivo. The base 23 has an air vent 27 which 
communicates with the space defined at the rear 
side of the diaphragm 25 of the sensor element 21. 
The base 23 also has wiring patterns 29 printed on its 25 
surface for the purpose of electrically connecting 
therethrough the sensor element 21 to an external 
measuring device (not shown). More specifically, the 
sensor element 21 and the wiring patterns 29 formed 
on the base 23 are connected by means of bonding 30 
wires 31, whereas the wiring patterns 29 and lead 
wires 33, e.g., enamelled wires, which are connected 
to the external measuring device are connected by 
means of soldering. It is preferable to adopt wedge 
bonding in order to lower the loop height at the wire 35 
connection and to thereby enable a further reduction 
in the outer diameter of the catheter type sensor in 
its final assembled state. 

The sensor element 21 may electrically detect the 
degree to which the diaphragm 25 is deflected in 40 
accordance with the level of blood pressure, and it is 
necessary to maintain the reverse side of the 
diaphragm 25 under atmospheric pressure in order 
to measure blood pressure with the atmospheric 
pressure used as a reference. For this purpose, one 45 
end of an air vent tube 35 is connected to the air vent 
27 in the base 23 which communicates with the 
space defined at the rear side of the diaphragm 25, 
and the other end of the tube 35 opens into the 
atmosphere. The sensor element 21, the bonding 50 
wires 31 and the base 23 are coated with a 
protection resin material 37 for the purposes of 
maintaining the airtight sealing connection between 
the sensor element 21 , the air vent 27 in the base 23 
and the air vent tube 35, of supporting and 55 
reinforcing the bonding wires 31 and of forming 
round portions at the corners of sensor element 21. 

Thus, the sensor element 21, the base 23 and the 
lead wires 33 are connected, together with the air 
vent tube 35, and are coated with the protection 60 
resin material 37. This assembly is then shaped in 
the form of the distal end portion of a catheter type 
sensor by an integral molding technique using a 
molding resin material 39 in such a manner that the 
surface of the diaphragm 25 of ; the sensor element 65 



21 is exposed. It is preferable to employ urethane or 
silicone resin material which has excellent compati- 
bility with a living body as the molding resin material 
39. In this molding process, a lumen 43 having an 
opening 41 may be formed in the molded article for 
the purpose of collection of blood or injection of a 
medical fluid. It should be noted that the whole 
surface of the catheter type sensor including the 
surface of the sensor element 21 is preferably 
coated with a urethane resin material 45 for the 
purpose of further improving its compatibility with 
living bodies and of protecting the whole of the 
sensor. 

The catheter type sensor thus arranged is in- 
serted into a blood vessel to output an electric signal 
representing the blood pressure applied to the 
diaphragm 25 so as to measure the blood pressure 
by means of the external measuring device with the 
atmospheric pressure as a reference. According to 
this embodiment, all the constituent parts such as 
the sensor element 21, the base 23 and the lead 
wires 33 are buried within the molding resin 39 that is 
shaped in the form of the distal end portion of a 
catheter type sensor, and the molding resin is 
capable of providing a enough strength required for 
a catheter in a minimum amount which is required to 
bury the constituent parts such as the sensor 
element 21 . Accordingly, it is possible to consider- 
ably reduce the cross-sectional dimensions as 
compared with the conventional catheter type 
sensor. 

Figs. 2(a), 2(b) and 2(c) show in combination 
another embodiment of the present invention ar- 
ranged as a sensor type catheter which is most 
suitable for measuring central venous pressure (for 
example, in a case where the catheter is inserted 
into a vein in the arm to measure blood pressure). In 
Fig. 2, the same reference numerals as those used in 
connection with the above-described embodiment 
denote similar constituent parts. 

Since the blood flow velocity in the vein is 
relatively low, the blood readily coagulates to adhere 
to the outside of the catheter. Therefore, the 
catheter needs to have an outer shape which is as 
smooth as possible and has a uniform cross section. 
Further, since the rate of change with time of the 
venous pressure is relatively low (the measured 
pressure may almost be considered to be a static 
pressure), the measuring system is not required to 
respond quickly. Accordingly, the catheter in ac- 
cordance with this embodiment is arranged so that 
the cross-sectional shape is circular throughout, 
including the peripheral portion of the sensor 
element 21, as illustrated. Although in this case the 
peripheral portion of the sensor element 21 is coated 
with a relatively thick layer of resin, there is no 
problem because high frequency response is not 
required as mentioned above. It should be noted 
that the portion around the sensor element 21 which 
is disposed at the distal end of the catheter is 
preferably formed from a particularly soft resin 
material so that the sensitivity of the sensor element 
21 is improved and insertion of the catheter into 
blood vessels is facilitated. 
Although in the above-described embodiments 
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the sensor element 21 and the lead wires 33 are 
connected together through the wiring patterns 29 
formed on the base 23, the lead wires 33 may also be 
electrically connected directly to the sensor element 
21. In addition, it is possible to appropriately change 
the number of sensor elements 21 and bases 23 
which can be mounted on a single catheter type 
sensor. 

As has been described above, it is possible, 
according to the present invention, to provide a 
catheter type sensor having a smaller outer diameter 
than that of the conventional one. Since the catheter 
type sensor according to the present invention has a 
larger space for mounting sensor constituent parts 
than that of the conventional one provided that these 
sensors have the same outer diameter, it is possible 
to readily cope with the need to provide a sensor 
having a composite sensor means or a multiplicity of 
functions. 

Instead of, or as well as, being located at the distal 
end of the catheter, the sensor assembly including 
the sensor element 21 and the base 23 may be 
located at the intermediate portion of it. 
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7. A sensor according to Claim 6, wherein the 
portion of the catheter around the pressure- 
sensitive element (21) is formed from a soft 
resin material. 

8. A sensor according to any of the preceding 
claims wherein the sensor element (21) is a 
semiconductor diaphragm type pressure sen- 
sor. 

9. A sensor according to Claim 8, wherein the 
semiconductor diaphragm type pressure sen- 
sor (21 ) is connected to the surface of the base - 
(21) using a gold-silicon alloy. 



Claims 
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1 . A catheter type sensor for sensing biologi- 
cal data having a base (23) in its distal end, a 
sensor element (21) supported on the base (23) 
and lead wires (33) for electrically connecting 
together, in use, the sensor element (21) and an 
external measuring device, 

characterised in that the base (23), the 
sensor element (21) and the lead wires (33) are 
embedded in a synthetic material which is 
formed as a catheter (39) . 

2. A sensor according to Claim 1, wherein the 
synthetic resin material (39) is a urethane or 
silicone resin. 

3. A sensor according to Claim 1 or 2, 
wherein the base (23) is formed from a sintered 
material which contains aluminum oxide as its 
principal component 

4. A sensor according to any of the preceding 
claims, wherein the sensor element (21) is 
connected to the external measuring device by 
a wiring pattern (29) formed on the base (23), 
the electrical connection between the wiring 
pattern (29) on the base (23) and the sensor 
element (21) being effected by wire bonding 
(31), and the electrical connection between the 
wiring pattern (29) and the lead wires (33) being 
effected by soldering. 

5. A sensor according to Claim 4, wherein the 
bonding wires (31) are wedge bonded. 

6. A sensor according to any of the preceding 
claims, wherein the sensor element is a press- 
ure-sensitive element (21), and the portion of 
the catheter sensor which is to be inserted into 
a living body has a substantially uniform 
cross-sectional shape, including the peripheral 
portion surrounding the pressure-sensitive ele- 
ment (21). 
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